Perovskite iridates of 6H hexagonal structure present a plethora of possibilities in terms of the variety of ground states resulting from a competition between spin-orbit coupling (SOC), hopping, noncubic crystal field (∆ NC CFE ) and superexchange energy scales within the Ir 2 O 9 dimers. Here we have investigated one such compound Ba 3 CdIr 2 O 9 by x-ray diffraction, dc magnetic susceptibility(χ), heat capacity(C p ) and also 113 Cd nuclear magnetic resonance (NMR) spectroscopy. We have established that the magnetic ground state has a small but finite magnetic moment on Ir 5+ in this system, which likely arises from intradimer Ir-Ir hopping and local crystal distortions. Our heat capacity, NMR, and dc magnetic susceptibility measurements further rule out any kind of magnetic long-/short range ordering among the Ir moments down to at least 2K . In addition, the magnetic heat capacity data shows linear temperature dependence at low temperatures under applied high fields (> 30 kOe), suggesting gapless spin-density of states in the compound.
I. INTRODUCTION
5d transition metal oxides, especially iridates, have become a fertile ground for hosting diverse spectrum of exotic physical properties due to the intricate competition between spin-orbit coupling (SOC), crystal field energy (∆ CFE ), and on-site Coulomb repulsion (U) [1] [2] [3] [4] [5] [6] [7] [8] [9] . In contrast to the traditional wisdom of uncorrelated band metallicity in iridates due to extended 5d orbitals, B.J. Kim Ir-Ir hopping always act against the atomic SOC effect. Moreover, Ir-Ir hopping can modify the ground state itself by creating several mixed J states and a finite moment for which excitonic mechanisms are not relevant 15 . Of course the other possibility is that these all effectively reduce the SOC strength (λ) on the Ir-site and as a result, spontaneous magnetic moments may be generated [16] [17] [18] [19] [20] [21] [22] [23] . The closest realization of non-magnetic J = 0 ground state in the d 4 systems till date is recorded in the 6H hexagonal perovskite compound Ba 3 ZnIr 2 O 9
where a tiny moment of 0.2µ B /Ir appears on each Ir 5+ site due to strong intradimer hopping mechanism within a Ir 2 O 9 dimer unit 24 .
Here, in this paper we report a new compound Ba 3 CdIr 2 O 9 (BCIO) which belongs to the family of 6H hexagonal perovskite Ba 3 MIr 2 O 9 (M = akaline earth or rare earth element).
Although rigorous experimental studies have been performed on the 6H Ba 3 MIr 2 O 9 compounds with M= Zn, Mg, Ca, Sr, Y, Sc and In [24] [25] [26] [27] [28] , showing diverse ground state properties, the M = Cd member has not been carefully looked at, except an earlier report describing only the synthesis and structural details of the compound 25 .
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The standard 6H hexagonal structure consists of a single MO 6 octahedron and Ir 2 O 9 dimers of two face sharing IrO 6 octahedra [ Fig.1(e) ]. The Ir-Ir structural dimers are constructed parallel to the crystallographic c-axis and these dimers are linked with each other to form an edge-shared triangular lattice of Ir atoms in the a − b plane [ Fig.1(c Aldrich) in an appropriate ratio. These mixtures were thoroughly ground and pressed into pellets before initial calcination at 800
• C for 12h. Finally the as-calcined pellet was annealed at 1100
• C four times for 12 hours each in air with several intermediate grindings.
The phase purity of the sample was checked from X-ray powder diffraction measured at
Rigaku Smartlab x-ray diffractometer with Cu K α radiation at room temperature as well as low temperatures. The crystal structure of this sample was obtained after refining the XRD data by Rietveld technique using FULLPROF program 29 . To check homogeneity and stoichiometry in the sample, Energy Dispersive X-Ray Analysis (EDX) was also performed using Field Emission Scanning Electron Microscope (FE-SEM, JEOL, JSM-7500F). Temperature dependent electrical resistivity was measured using the four probe technique in a laboratory based experimental set up. The X-ray photoelectron spectroscopy (XPS) measurements were carried out using OMICRON electron spectrometer, equipped with SCIENTA OMI-CRON SPHERA analyzer and Al K α monochromatic source with an energy resolution of 0.5 eV. The sample surface has been cleaned before experiment by in-situ Ar-sputtering.
The collected spectra were then processed and analyzed with Kolxpd program. The temperature and magnetic field dependent dc magnetization was carried out using the Quantum Design (SQUID) magnetometer. Heat capacity both in zero field and several higher magnetic fields (upto 9 Tesla) were measured using the heat capacity attachment of a Quantum Design PPMS. Measurements of the 113 Cd (nuclear spin I = 1/2, natural abundance 12.26 %, and gyromagnetic ratio γ/2π = 9.028 MHz/Tesla) NMR spectra and spin-lattice relaxation rate (1/T 1 ) were performed as a function of temperature in a fixed field magnet (H = 93.9543 kOe) with a room-temperature bore, using standard pulse NMR techniques. The temperature was varied in the range 4-300 K using an Oxford continuous flow cryostat. Table- 1. Next, we have performed low temperature XRD measurements and consequently, the refined XRD data at T = 4 K is displayed in Fig. 1 (a)-(II). Excepting the usual lattice contraction with decreasing temperature, the structure and symmetry remained the same. However, one important observation has been a clear reduction in coordination asymmetry around Ir at 4 K, i.e. the difference between two Ir-O2 bond lengths has got substantially reduced (see Table- 1(e) and Table- 
as expected for a simple semiconductor 35 . Rather it can be fitted by Mott's variable range hopping (VRH) model in two dimension with ρ = ρ 0 exp(T 0 /T ) 1/3 .
C. Magnetic Susceptibility
We have further examined the bulk dc magnetic behaviour of this material. Temperature dependence of both zero field cooled (ZFC) and field cooled (FC) dc magnetic susceptibilities (χ vs T) have been recorded in the temperature range of 2-300 K, as illustrated in Fig. 3(a) .
The nearly featureless paramagnetic-like susceptibility curve in the entire temperature range suggests no sign of magnetic long-range ordering in this compound, consistent with several other d 4 iridates 15, 26 . In addition, a kink-like feature is seen at around 50 K. An anomaly at about 50 K is sometimes present due to oxygen condensed on the sample. In the present case, we flushed the sample space with helium gas at 350 K several times but the anomaly still remained. Therefore, there is a possibility that the feature is intrinsic and appearing due to short-range magnetic interactions present in the system. Further, the ZFC-FC divergence starts to develop from ∼ 250 K in lower applied fields (data not shown in the figure) and gets completely suppressed under the application of higher magnetic fields, probably indicating the presence of a small fraction of frozen spins 36, 37 in this compound. Magnetic field dependence of dc magnetization (M versus H) has also been measured at 2 K and 300 K and are shown in Fig. 3(b) . The absence of any coercivity and remnant magnetization in the 2 K M vs H data strongly refutes hysteresis like behavior, and consequently, possibility of ferromagnetic interactions in this sample. The observed slight nonlinearity at very low fields has been commonly found in several d 4 iridate system 12, 13, 38 . In all these works, the similar nonlinear M vs H curves (not hysteresis) did not represent any ferromagnetic components either.
We have analyzed the susceptibility (in an applied field of 10 kOe) data using the Curie-
+ χ 0 (C is the Curie constant while Θ CW and χ 0 represent the Curie-Weiss temperature and the temperature independent susceptibility, respectively).
Note that given the weak T -dependence of the susceptibility, there is always some uncertainty about the obtained Curie-Weiss fitting parameters which depend on the temperature range of fitting and also on the applied magnetic fields, similar to other Iridate quantum spin 7 liquids 39 . The key point here is to have an applied magnetic field which should be strong enough to suppress unsaturated paramagnetic components while retaining all existing short range correlations. Under this consideration the 10 kOe dc susceptibility versus temperature data [1/(χ−χ 0 ) versus T plot, shown in the inset of Fig. 3(a) 
D. Heat capacity
The magnetic frustration of a disordered material is expressed by the amount of magnetic entropy retained within the system at very low temperatures. To further check the magnetic ground state and also to explore the nature of magnetic excitations in Ba 3 CdIr 2 O 9 , we have performed heat capacity measurements (C p versus T ) on this sample at zero field and several applied magnetic fields, and the obtained results are displayed in Fig. 4(a) . Absence of any sharp λ-like anomaly in all the measured C p versus T data [ Fig. 4(a) ] strongly negates existence of long-range magnetic order and/or structural phase transitions. Although a weak kink-like feature is present at ∼ 50 K in the temperature dependent dc susceptibility [ Fig. 3(a) ] for this sample, absence of any corresponding signature in heat capacity suggests very feeble magnetic interactions. But, a weak hump-like feature is seen below ∼ 10 K in the C p versus T data, which gets shifted towards higher T -values gradually with increasing magnetic field [ Fig. 4(a) ]. This suggests a two-level Schottky anomaly, possibly arising from some proportion of paramagnetic centers 37, 40 . The total C p is thus modeled as the sum of three contributions, namely, the lattice part (C lattice ), the magnetic contribution (C M ) from correlated magnetic moments, and the two-level Schottky anomaly (C sch ).
In absence of a suitable nonmagnetic analogue, C lattice for this sample was extracted after fitting the C p data in the T range 70-300 K with the Debye-Einstein equation assuming one Debye term and two Einstein terms. The fitted curve was then extrapolated down to the lowest measuring T [inset to Fig. 4(a] ) and taken as the C lattice . After subtracting C lattice from the total C p , finally the heat capacity of the sample is left out with (C M + C sch ). Now, in order to get the intrinsic magnetic heat capacity C M , 'two-level Schottky anomaly' analysis has been performed taking the following strategy: first we subtract the zero field C p data, i.e., C p (H = 0) from those in the applied magnetic fields, i.e., C p (H = 0). Consequently, the temperature dependence of this difference (∆C p,mag /T ), as illustrated in Fig. 4(b) , has been fitted with two-level Schottky anomaly equation,
where, f is the percentage of paramagnetic centers in the sample; C sch (∆) and C sch (∆ 0 ) are the Schottky contributions to the specific heat at applied magnetic fields and zero field respectively, while ∆(H) is the Zeeman splitting in applied magnetic field and ∆ 0 represents energy separation between the two levels at H = 0. The C sch (∆) is further defined as,
The corresponding Schottky fits (shown in Fig.4 
E. 113 Cd NMR
Nuclear magnetic resonance is a useful local probe of magnetism in materials. General experience in insulating oxide-type materials shows that, in the bulk magnetic susceptibility, even small extrinsic Curie-like contributions can overwhelm the intrinsic terms, especially at low-temperatures. In such a situation, the shift of the NMR resonance and its dependence on temperature (in favorable cases where the hyperfine coupling is significant) tracks the intrinsic spin susceptibility. With this motivation, we have measured 113 Cd NMR spectra from 4 K to 300 K. Some representative spectra are shown in Fig. 5(a) . The lineshape is not a single symmetric line but rather has additional peaks on either side of the main line. 
K is the NMR Knight shift; γ e and γ n are the electronic and nuclear gyromagnetic ratios.
In case of a metallic T -independent susceptibility, a linear 1/T 1 with T is expected whereas in semiconductors/non-magnetic insulators, a stronger decrease of 1/T 1 with T is expected.
For our data, we find that K 2 T 1 T /S is close to 1, implying a possible fermi liquid state in our sample. But this is clearly refuted from our resistivity data. On the other hand, spin liquids have quasiparticles with spin degrees of freedom but no charge degrees of freedom.
Hence, the linear 1/T 1 versus T [in the temperature range T = 4-150 K, shown in Fig.   5(b) ] is suggestive of a spinon fermi surface. The absence of any significant T -dependence of 113 K in the present case (though the bulk susceptibility is Curie-Weiss-like) has therefore to be attributed to a weak hyperfine coupling together with weak intrinsic Ir-local moments.
After all, the effective magnetic moment per iridium as inferred from the Curie constant (see magnetization discussion in Section-C) is only about 17% of that expected for spin-1/2 paramagnetic Ir 4+ moments.
IV. SUMMARY AND CONCLUSION
In conclusion, unlike the iso-structural 6H analogue Ba Ba (2) 
